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RECTIFIER WITH IMPROVED DURABILITY 



Background of the Invention 

5 

1. Field of the Invention 

The present invention relates to AC/DC 
rectifiers . 



10 2 • Description of the Related Art 

In a typical "buck derived" full-bridge DC/DC 
converter, the DC input is chopped into a pulse-width 
modulated AC signal which is then voltage-converted by a 
transformer. The output of the transformer is then 

15 rectified by a full-wave diode bridge rectifier. 

In such a design, a concern about the 
durability of the rectifier diodes can arise. During an 
"active" portion of the waveform being provided to the 
rectifier, two diodes conduct and two are in a blocking 

20 state. However, when the waveform is in a "dead" portion 
of its PWM cycle, all four diodes "freewheel" because 
current continues to flow to the load. That freewheeling 
current flows through all four diodes of the rectifier 
bridge. When the waveform enters an "active" portion 

25 again, two of the diodes become reverse-biased and must 

"commutate" to blocking mode. When a diode commutates to 
blocking mode, the charge within the diode must be 
expelled from the diode. The charge leaves in the form 
of a temporary flow of reverse current through the diode. 

30 This reverse current causes, in combination with the 
reverse voltage applied across the diode, "reverse 
recovery" power dissipation. 



- 1 - 



It has been observed that the recovery power 
dissipation can be significant enough to not only be 
energy-wasteful, but also to be destructive to the bridge 
rectifier diodes . In a particular DC/DC converter 

5 application in an electric vehicle, the reverse recovery 
power has been measured at a peak value of up to three 
kilowatts. Where the switching frequency of the 
converter is high, this amount of power dissipation can 
cause destructive heating of the diodes. 

10 Therefore, a system which can reduce the 

reverse recovery power dissipation in the bridge 
rectifier diodes can improve their durability and thereby 
provide advantages over the prior art . 



15 Summary of the Invention 

The present invention provides a rectification 
circuit comprising a diode full-wave bridge rectifier, a 
freewheeling current path and blocking means coupled 
between the rectifier and the freewheeling current path 
20 for causing freewheeling current of the bridge rectifier 
to substantially flow through the freewheeling current 
path. 

In another embodiment, the present invention 
provides a rectification circuit comprising a diode full- 

25 wave bridge rectifier, a freewheeling current path and a 
blocking diode coupled between the rectifier and the 
freewheeling current path to cause freewheeling current 
of the bridge rectifier to at least partially flow 
through the freewheeling current path. 

30 The present invention also provides a 

rectification circuit comprising an electrical load, a 
plurality of first diodes coupled across a first node and 
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a second node in a bridge rectifier configuration, at 
least one second diode coupled between the first node and 
a third node and a third diode coupled between the second 
node and the third node . 
5 Designs according to the present invention can 

limit recovery power dissipation in bridge rectifier 
diodes to a very acceptable level. In doing so, the 
present invention can improve the durability of the 
diodes and thereby provide advantages over the prior art. 

10 

Brief Description of the Drawings 

Figure 1 is a schematic diagram of a DC/DC 
converter embodying a rectifier according to the present 
invention . 

15 

Detailed Description of the Preferred Embodiment 

Refer first to Figure 1. The DC/DC converter 
illustrated there includes a transformer 2 0 having input 
terminals 22 connected to a pulse-width-modulated voltage 

20 source such as an inverter. Transformer 2 0 has outputs 
24 and 26. Coupled to outputs 24 and 26 in a typical 
full-wave bridge rectifier configuration are diodes 28, 
20, 32 and 34. 

Diode 3 6 is also provided between bridge 

25 rectifier diodes 28, 30, 32 and 34 and diodes 37 and 38. 
Coupled across diode 37 is a capacitor 40 and resistor 
42; coupled across diode 3 8 is a capacitor 44 and 
resistor 46 . 

An output L-C filter comprising choke 48 and 

30 filter capacitor 50 filters the output voltage of the 
DC/DC converter for use by electrical load(s) 52. 
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The circuit of Figure 1 operates as follows. 
When output 24 of transformer 2 0 is high with respect to 
output 26, diodes 2 8 and 3 4 conduct. Diodes 3 0 and 3 2 
are reverse biased and block current flow. When the 
5 waveform from transformer 2 0 then enters a "dead" part of 
its PWM cycle, the voltage across outputs 24 and 26 is 
zero. However, due to the inductance of choke 48, 
current continues to flow to load(s) 52. This 
"freewheeling current" returns from load 52 and flows 

10 predominately through diodes 37 and 38. The freewheeling 
current is substantially blocked from flowing through 
bridge rectifier diodes 28, 30, 32 and 34 by the 
additional diode drop provided by diode 36. That is, for 
freewheeling current to flow through the bridge rectifier 

15 diodes, the current would flow through paths comprising 
three diodes (either diodes 28, 3 0 and 3 6 or diodes 32, 
34 and 36) . Freewheeling current will tend to flow 
through the path comprising only two diode drops, the 
path comprising diodes 3 7 and 38. 

20 When the waveform from transformer 2 0 then 

enters an "active" portion where output 26 is high 
compared to output 24, diodes 2 8 and 3 4 must commutate to 
"blocking" mode. However, two consequences of the 
present invention prevent high "reverse recovery" power 

25 dissipation in diodes 28 and 34. First, the very small 
freewheeling current flowing through diodes 2 8 and 3 4 
means that only a small reverse current will flow during 
recovery. Further, because a very substantial 
freewheeling current is flowing through diodes 3 7 and 38, 

30 those diodes clamp the reverse voltage across the bridge 
diodes until the bridge diodes have recovered. The 
result is much less reverse recovery power dissipated in 
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diodes 28 and 34. Whereas with a conventional design, 
peak recovery power in the bridge rectifier diodes was 
measured at three kilowatts, the peak recovery power in 
the bridge rectifier diodes of the Figure 1 design has 
5 been measured at only between 100 and 2 00 watts. 

Recovery power in freewheeling diodes 37 and 38 
is limited as well. Capacitors 40 and 44 limit the rate 
at which reverse voltage can rise across diodes 37 and 
38. Thus, although a significant reverse current flows 

10 through diodes 3 7 and 3 8 during commutation, the reverse 
current is not in phase with the reverse voltage. As a 
result, reverse recovery power dissipation in diodes 37 
and 3 8 is very low. Measurements indicate that the peak 
reverse recovery power dissipation is below 250 watts. 

15 The use of a series combination of two diodes 

3 7 and 3 8 also allows lower voltage diodes to be used 
(600 volts) than the 1200 volt diodes used in the bridge 
rectifier. In practice, the lower-voltage diodes have 
been shown to be more robust during recovery that the 

20 higher voltage fast recovery epitaxial diodes. Resistors 
42 and 46 and capacitors 40 and 44 help to effect a 
balancing of voltage between diodes 37 and 38. 

Various other modifications and variations will 
no doubt occur to those skilled in the arts to which this 

25 invention pertains. Such variations which generally rely 
on the teachings through which this disclosure has 
advanced the art are properly considered within the scope 
of this invention. This disclosure should thus be 
considered illustrative, not limiting; the scope of the 

30 invention is instead defined by the following claims. 



- 5 - 



What is Claimed is: 



1. A rectification circuit comprising: 
a diode full-wave bridge rectifier; 

5 a freewheeling current path; 

blocking means coupled between said rectifier 
and said freewheeling current path for causing 
freewheeling current of said bridge rectifier to 
substantially flow through said freewheeling current 
10 path. 

2. A rectification circuit as recited in Claim 

1, wherein said blocking means comprises a diode. 

15 3 . A rectification circuit as recited in Claim 

2 wherein said freewheeling current path comprises at 
least one freewheeling diode coupled substantially across 
said bridge rectifier. 

20 4. A rectification circuit as recited in Claim 

2, wherein said freewheeling current path comprises a 
plurality of freewheeling diodes coupled substantially in 
series across said bridge rectifier. 

25 5. A rectification circuit as recited in Claim 

3, further comprising at least one capacitor, each said 
capacitor coupled across a respective one of said 
freewheeling diodes . 
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6. A rectification circuit as recited in Claim 
3, further comprising at least one filtering circuit, 
each said filtering circuit coupled to a respective one 
of said freewheeling diodes to limit the rate of rise of 
5 reverse voltage across said diodes. 



7. A rectification circuit comprising: 
a diode full-wave bridge rectifier; 
a freewheeling current path; 
10 a blocking diode coupled between said rectifier 

and said freewheeling current path to cause freewheeling 
current of said bridge rectifier to at least partially 
flow through said freewheeling current path. 



15 8. A rectification circuit as recited in Claim 

7 wherein said freewheeling current path comprises at 
least one freewheeling diode coupled substantially across 
said bridge rectifier. 



20 9. A rectification circuit as recited in Claim 

7, wherein said freewheeling current path comprises a 
plurality of freewheeling diodes coupled substantially in 
series across said bridge rectifier. 



25 10. A rectification circuit as recited in 

Claim 8, further comprising at least one capacitor, each 
said capacitor coupled across a respective one of said 
freewheeling diodes. 
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11. A rectification circuit as recited in 
Claim 8, further comprising at least one filtering 
circuit, each said filtering circuit coupled to a 
respective one of said freewheeling diodes to limit the 
5 rates of rise of reverse voltage across said diodes. 



12. A rectification circuit comprising: 
an electrical load; 

a plurality of first diodes coupled across a 
10 first node and a second node in a bridge rectifier 
configuration; 

at least one second diode coupled between said 
first node and a third node; and 

a third diode coupled between said second node 
15 and said third node. 

13 . A rectification circuit as recited in 
Claim 12, wherein said third diode is connected in order 
to: 

20 allow current rectified by said first diodes to 

flow to said load; and 

prevent at least some freewheeling current 
flowing through said load from flowing through said first 
diodes and instead cause said at least some freewheeling 

25 current to flow through said second diodes. 



14. A rectification circuit as recited in 
Claim 13, further comprising at least one filtering 
circuit, each said filtering circuit coupled to a 
30 respective one of said second diodes to limit the rates 
of rise of reverse voltage across said second diodes. 
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Abstract of the Disclosure 

A rectification circuit comprises a diode full- 
wave bridge rectifier, a freewheeling current path and a 
blocking diode coupled between the rectifier and the 

5 freewheeling current path to cause freewheeling current 
of the bridge rectifier to at least partially flow 
through the freewheeling current path instead of through 
the diodes of the bridge rectifier. A result is reduced 
"reverse recovery" power dissipation in the rectifier 

10 diodes. 
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DECLARATION AND POWER OF ATTORNEY - ORIGINAL APPLICATION 



Attorney* Docket No, 
107-1287 



As a below named inventor, I hereby declare: 

My residence, poet office address and citizenship are as stated below ne>d to my name; 

I verity believe I am the original, first and sole inventor or an original, first and joint inventor of the subject matter that is 
claimed end for which a patent is sought on the invention entitled 

Hmctinmr With tmprovmd Durmbitity 

the specification of which Is attached hereto. 

1 have reviewed and understand the contents of the specification identified above. Including the claims. 

I acknowledge my duty to disclose information of which I am aware that is material to the examination of thte application 
In accordance with Section 1.58(a), Title 37 of the Code of Federal Regulations; and 

as to application for patents or Inventor's certificate on the invention filed in any country foreign to the United States of 
America, prior to this application by me or my legal representatives or assigns* 

1 53 ] no such applications have been filed, or 

[ G I auch applications have been filed as follows: 



COUNTRY 


APPLICATION NO. 


DATE OF RUNG 

(day, month, year) 


DATE OF ISSUE 

(day, month, year) 


PRIORITY CLAIMED 
UNDER 35 USC 119 























I hereby otatm the benefit under 35 U.&C, § 120 ot any United States application^) or § 366(c) of any PCT Internationa] 
application designating the United States, listed below and. insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the manner provided by the first 
paragraph of 35 U.S.C. § 112* I acknowledge the duty to disclose information which is material to patentability as defined 
In 37 CFR § 1 -5ft which became available between the fifing date of the prior application and the national or PCT 
International filing date of this application. 



(Application Number) 



(Filing Date) 



(Application Number) 



(Filing Date) 



(Status - patented, pending, abandoned) 



(Status - patented, pending, abandoned) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attomey(s) and/or agent(a) to prosecute 
this application and transact all business in the United States Patent and Trademark Office connected therewith and to 
act on my behatf before the competent International Authorities in connection with any and all international applications 
filed by me. 

(List name and registration number) 



Mark & Sperachu - 36,317 
Mar* l. Mellon -31,123 
Roger L* May - 26,406 
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Addraee all eecneepondenea And telephone calls to: 

MerkS. Sparsohu 
Ford Global Technology Inc. 
One Peruana Boulevard 
91 1 East Parfdane Towers 

Daarbom. Michigan Telephone; (did) 246-41 14 



I hereby declare tt>aT a* itMrMfiu made herein of my own knowledge ere true end That aJI statement* made on ^formation and beHef 
are believed to be true: and further that feese statements were made with iha knowledge that willful take statements and the Ike so 
made are punishable by fine or Imprisonment or both, under Section 1001 of Trtte 16 of the Untied States Code, and that auen wrfflul 
false statement* may Jeopardize the validity of the app&extion or any patent Uaulng thereon. 



Name, residence, and pott office addreaa of inventor 
Mr. 

Rotten Joeaph Catlanan 
2190 Hoodoo Drive 
Colorado Springe* CO 9091 9 
USJt 
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